Introduction {#sec1-1}
============

Intracranial dural arteriovenous fistulas (DAVFs) are abnormal connections between the arteries and veins or venous sinuses of the dura mater. DAVFs in the anterior cranial fossa (ACF) are rare but known to be aggressive entities, appearing as intracerebral or subarachnoid hemorrhages.\[[@ref1][@ref2][@ref3]\] Open surgical shunt disconnection was traditionally the main treatment for ACF DAVFs,\[[@ref2]\] but endovascular treatment using recently available microcatheters and liquid embolic materials is also becoming a safe and effective treatment.\[[@ref4][@ref5][@ref6]\]

The blood supply of DAVFs is mainly from the dural arteries, but 11.3%--23.8% of DAVFs were reported to have pial arterial supplies.\[[@ref7][@ref8]\] Several studies have reported that pial arterial supply in DAVFs is a risk factor of procedure-related complications, either ischemic stroke or hemorrhage.\[[@ref7][@ref9][@ref10]\] In previously reported cases of DAVFs with pial arterial supply, the lesion was located at the transverse sigmoid sinus or tentorium, and DAVFs with pial arterial feeders in the ACF are extremely rare.\[[@ref11]\]

Here, we report a case of an ACF DAVF with a feeder from the orbitofrontal artery. Combination of craniotomy and endovascular treatment led to safe obliteration of the fistula. We also discuss the etiology of this rare condition and the treatment strategy including timing of the disconnection of the abnormal dural and pial feeders.

Case Report {#sec1-2}
===========

A 68-year-old male was admitted to our hospital complaining of dizziness, without any appreciable past medical history. Magnetic resonance imaging (MRI) revealed cortical venous dilation, and angiography showed a DAVF draining into the superior sigmoid sinus (SSS) at the ACF. The DVAF was fed by both bilateral ethmoidal arteries and by the right orbitofrontal artery arising from the anterior cerebral artery (ACA) \[Figures [1a](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\].

![(a) Lateral view of the first angiography. Right internal carotid angiography showing cortical venous reflux rising to the superior sagittal sinus. (b) Right common carotid angiography after the open surgery showing a significant reduction in the flow volume to the superior sagittal sinus. (c) Right internal carotid angiography 2 years after the surgery showing an increased flow of the cortical venous reflux due to the fistula being fed by the right orbitofrontal artery](AJNS-15-176-g001){#F1}

![Three-dimensional rotational angiography from the right internal carotid artery showing the anterior cranial fossa dural arteriovenous fistula fed by the anterior/posterior ethmoidal arteries (arrow) and the orbitofrontal artery (arrowhead)](AJNS-15-176-g002){#F2}

Right frontal craniotomy was performed to obliterate the fistula. After opening the dura mater, a dilated red draining vein running from the anteromedial surface of the frontal lobe to the SSS was observed. Ethmoidal fistulas were also observed at the ACF floor, and intradural ligation of the dural feeders was performed. A pial arterial feeder from the right ACA was not detected in the surgical view. Indocyanine green videoangiography showed a significant shunt flow reduction. Considering the possibility of the draining vein being involved in the normal circulation, ligation of the draining vein was not performed.

Postoperative angiography showed a remarkable decrease in the shunt flow and the cortical venous reflex (CVR) \[[Figure 1b](#F1){ref-type="fig"}\]. Two years after the craniotomy, tight observation with MR angiography showed an increase in the CVR.

Angiography performed to reevaluate the DAVF revealed increasing shunt flow from the right orbitofrontal artery draining into the SSS. Dural arterial supply was not observed \[[Figure 1c](#F1){ref-type="fig"}\]. Three-dimensional rotational angiography showed corkscrew-like vessels between the right orbitofrontal artery and the dilated cortical vein in the right ACF \[Figure [3a](#F3){ref-type="fig"}-[d](#F3){ref-type="fig"}\], which was not seen previously on angiography. Therefore, endovascular treatment was performed to obliterate the abnormal pial arterial connection. 25% n-butyl-2-cyanoacrylate (NBCA) was slowly infused into the fistula through a Marathon microcatheter (ev3, Irvine, CA, USA). The microcatheter was removed after adequate penetration of the fistula and subtle reflux of NBCA were confirmed \[Figure [4a](#F4){ref-type="fig"} and [b](#F4){ref-type="fig"}\]. Angiography right after the embolism showed no filling of the fistula and no CVR \[[Figure 4c](#F4){ref-type="fig"}\].

![(a) Three-dimensional rotational angiography from the right internal carotid artery showing "pure" pial arterial supply (arrowhead) fed by the orbitofrontal artery (arrow). Axial (b), coronal (c), and sagittal (d) views indicating corkscrew-like vessels located in the anterior cranial fossa](AJNS-15-176-g003){#F3}

![(a) Embolic materials infusing through the microcatheter placed nearby the fistula. (b) The fistula, proximal part of the cortical venous reflex, and distal part of the feeder had disappeared. (c) Right internal carotid angiography shows no signs of remaining shunt flow](AJNS-15-176-g004){#F4}

After the treatment, the dizziness dramatically improved, and the patient was discharged from the hospital without any complications. MRI conducted 6 months after the treatment showed no signs of recurrence.

Discussion {#sec1-3}
==========

ACF DAVFs usually have only a dural arterial supply. However, in our case, the ACF DAVF had both a dural and a pial supply. To the best of our knowledge, only one case of ACF DAVF with pial arterial supply has been reported.\[[@ref11]\]

There are two types of pial arterial supplies in DAVFs.\[[@ref8]\] One is a type of supply from the physiological dural branches of the pial artery, and the other is the so-called "pure" pial supply type. The former is from preexisting piodural arterial connections, and these connections often exist around the tentorium cerebelli, such as the artery of Davidoff and Schechter. The latter is not thought to be from the preexisting arteries. That supply has a different angioarchitecture from physiological arteries: it shows corkscrew-like vessels, no evidence of a straight dural course, nor any known anatomic correlates.\[[@ref8]\] In our case, the feeder from the orbitofrontal artery is assumed to be of the "pure" pial supply type.

The "pure" pial supply is hypothesized to have newly emerged as a result of induced angiogenesis.\[[@ref8]\] The pathophysiology of this angiogenesis is not yet proven. Sinus thrombosis and an arterial steal phenomenon due to high shunt flow are reported to have some relevance.\[[@ref12][@ref13][@ref14]\] Vascular endothelial growth factor-mediated angiogenesis induced by sinus thrombosis or venous dilatation as a sign of venous hypertension might have some role in the pathophysiology of the pial supply.\[[@ref15][@ref16][@ref17]\] The bilateral ethmoidal arteries were the main feeders of the DAVF in our case. After those feeders were disconnected by craniotomy, the shunt flow decreased significantly. However, the shunt flow increased again after 2 years and came from the pial feeders. The progress of "pure" pial supply development is presumed to be the background of this pathophysiology: corkscrew-like pial feeders from the orbitofrontal artery had developed after the surgery, resulting in an increase in the shunt flow.

Recent studies have reported the high risk of perioperative complications in DAVFs with pial arterial supply.\[[@ref7][@ref9][@ref10]\] Wu *et al*. and Sato *et al*. reported cases of intraoperative hemorrhage during Onyx embolization.\[[@ref9][@ref10]\] The hemorrhage occurred in two of six patients\[[@ref10]\] with pial supply, which was significantly higher than in patients without pial supply. These hemorrhagic complications were assumed to happen secondary to the restriction of the venous outlet caused by the treatment itself, which may be similar to the mechanism of intraoperative hemorrhage in arteriovenous malformations.\[[@ref9][@ref10]\] On the other hand, Hetts *et al*. described the high risk of perioperative ischemic stroke in DAVFs with pial supply. Several mechanisms might be involved in this complication, such as retrograde reflux of liquid embolic materials to the pial vessels, periprocedural hypercoagulability, retrograde thrombosis of the pial arteries, and venous infarction with hemorrhage.\[[@ref7]\]

The concept of ACF DAVF surgery is disconnection of the fistula, which emerges from the ACF and merges into a dilated draining vein. Ideally, the shunt must be disconnected at the fistula, but the fistula itself was obscured by the frontal lobe or the varix in some cases.\[[@ref18]\] In those cases, disconnection was performed at the vein just distal to the fistula.\[[@ref18]\] In our case, the initial craniotomy ended with little shunt flow through the remaining feeder from the orbitofrontal artery. The dilated cortical vein was thought to have an important role in normal circulation. If we had performed the disconnection of the draining vein at the initial craniotomy, hemorrhagic or ischemic complication could have occurred, as in those past series. Substantial reduction of the shunt flow was achieved, confirmed by indocyanine green videoangiography, so no further treatment was necessary at that point. Tight follow-up is essential to detect reworsening of the DAVF condition. Although the best timing for the additional treatment remains known, reworsening of the CVR seems to be the most appropriate timing for additional endovascular treatment. Endovascular treatment using NBCA was safely accomplished because the ethmoidal feeders had already been disconnected during the previous surgery. Because reflux of the NBCA to the ophthalmic arteries never happens with this strategy and because the anatomic feature of the DAVF was changed to a single-feeder DAVF, the risk of ischemic or hemorrhagic complication was reduced. With evaluation and comprehension of the anatomic features and hemodynamics of the shunt flow, a tailored strategy combining open surgery and endovascular treatment at the appropriate timing could be a solution to reduce the high ratio of perioperative complications in patients with DAVFs supplied by both dural and pial arteries.

Conclusion {#sec1-4}
==========

DAVFs are usually supplied only by dural arteries but sometimes involve pial arteries. Because of a high risk of perioperative complications, hemorrhagic or ischemic, or both, such DAVFs should be carefully treated considering the anatomic features and hemodynamics of the shunt flow in each case.
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